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SECTION I 

INTRODUCTION 

Barriers in explosive trains are common.    They usually exist because 
the construction of the fuze or device requires it, rather than out of 
consideration for the explosive train.    However, in some cases, such as in 
the "burning to detonation" type detonator, barriers are introduced to aid 
in propagation of the explosive train.    Another exception is where barriers 
are introduced for the purpose of shaping the detonation wave.    The barriers 
which exist in normal explosive trains -- regardless of why they are there -- 
are usually disrupted, fragmented, broken or severly damaged when the train 
is exploded.    The reason is that the transfer of detonation from one com- 
ponent, to another is usually easier if the barriers can be destroyed.  Con- 
sequently,  there is seldom any need to keep barriers intact except to 
interrupt propagation. 

However, it is foreseen that transfer of detonation or propagation through 
a barrier without disrupting or perforating the barrier is reasonable enough. 
Such a design suggested itself recently as a solution to an initiation prob- 
lem with a proposed rocket motor. 

This report summarizes feasibility study results of the practicality of 
initiating a rocket motor through a barrier using the shock of a high explo- 
sive charge but without perforating the barrier. 
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SECTION II 

SUMMARY 

The results of a feasibility study of the practicality of initiating a 
rocket motor through a barrier using high explosives without perforating 
the barrier are summarized.    Results indicated    that a variety of explo- 
sives and barriers could be made to work in such a system.    For certain 
reasons (detailed in Section V), a system was designed in which the design 
parameters consisted of PETN which is initiated by shock through a 0. 1- 
inch      steel barrier.    This was applied to initiation of a rocket motor with 
success. 
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SECTION III 

CONCLUSION 

It is concluded that using high explosives to initiate a propellant train 
through a barrier without perforating the barrier is practical. 

SECTION IV 

RECOMMENDATION 

A failure mode analysis of the subject system should be conducted. 
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SECTION V 

STUDY 

A series of experiments were conducted in which the M55 Stab Detonator 
was confined in an aluminum sleeve and functioned over various thicknesses 
and type materials (Figure 3). The test set-up is shown in Figure 1, The 
damage to the metal plate caused by the detonator was observed. 

The M55 stab detonator contains a base charge of 19 mg of RDX.  Pinhole 
perforations were made in 0.063" thick brass while only dents were observed 
in 0. 115-inch thick stainless steel.    Table  1 outlines the materials used and 
the test results. 

Actually,  there is little which can be concluded from these initial tests. 
From the results,  however, it seemed likely that the study had at least been 
launched in the proper direction. 

Another series of tests were conducted in which either the M55 Stab 
Detonator (Figure 3) or the M47 Stab Detonator (Figure 7), confined in an 
aluminum sleeve,  was functioned over various thicknesses and type materials. 
Different explosive components were placed on the other side of the metal 
plates.    Observed was damage to the metal plate barrier and whether the 
acceptor component was initiated when the donor component functioned. 

The test set-up is shown in Figure 4.    Test results are in Table 2. 

The next test series was very similar to those just described except 
that some of the donor components were electric initiators and the confine- 
ments varied. 

The test results are in Table 3. 

Table 2 and 3 show results of the first tests conducted using explosives 
on both sides of the barrier.    Some interesting observations can be made 
from the results.    One is the fact that when explosives are used on both sides 
of the barrier,   the barrier will be more resistant to being perforated. 
Undoubtedly this effect is a result of the pressure and shock from the detonation 
of the acceptor component giving  support to the barrier.    This effect should 
permit use of larger donor and acceptor charges with thinner barriers. 

Another observation is that the functioning time of the initiation system 
must be very short.    This is inferred from the previous discussion.    If there 
were an appreciable delay in initiating the acceptor explosive there would be 
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severe denting, if not penetration, of the barrier.    There was a requirement 
that the initiation of the rocket motor not take more than one millisecond. 
Although no time measurements were made, it was judged that the initiation 
would be accomplished in less than the one millisecond. 

Hardware which would facilitate further testing was designed as a result 
of the success obtained in the experiments in Table 2 and 3.    This is shown 
in Figure 8.    Five cylinders (Figure 8) were loaded as shown in Table 4. 
The loaded cylinders were tested in a manner similar to tests previously 
described.    The test set-up is shown in Figure 9.    Test results are in Table 5. 

At this point, it was felt that the feasibility of the proposed system was 
adequately demonstrated, and consideration was given to the development of 
specific components for use in an actual rocket motor.    It was decided that 
an electric detonator . 147" -  .006" diameter would be the test vehicle used for 
the donor component to cause initiation of the rocket motor.    This judgment was 
based on availability of parts in a size compatible with charge requirements 
indicated in the tests.    A number of these electric detonators were loaded and 
tested, using different amounts of various explosives to establish a final 
donor charge design and indicate an appropriate acceptor charge design. 

The first experiments with the new electric detonators were made using 
detonators loaded as shown in Figure 10.    Results of tests to determine ability 
of these detonators to initiate another explosive through a barrier are in Table 
6.    The test set-up is shown in Figure  11. 

At the conclusion of these tests, a decision was made to eliminate lead 
azide and other primary explosives from the initiation system.    This is 
desirable since primary explosives are regarded as being more sensitive 
than secondary explosives.    This worked no particular hardship since the 
testing to date indicated that the desired end result could be accomplished 
using only secondary explosives. 

Experiments were conducted to establish suitable secondary explosive 
donor and acceptor charges for initiation of PETN through a . 100 inch    steel 
barrier.    These tests are in Table 7.    The set-up used in most tests is shown 
in Figure  11.    Exceptions to this test set-up are shown in the table.    It should 
be noted that despite the decision not to use lead azide in the final system, a 
small charge of lead azide was loaded in the-<#bnor components use/i for test 
purposes.    In the final system design this donor component would be replaced 
with a secondary explosive charge.    This was done because it was considered 
expedient to continue t   sting this way.    However,  the acceptor charge which 
is actually an integral part of the rocket motor, contained only PETN. 



Based on the test results, a final design of acceptor and donor components 
for use in the proposed rocket motor was established.    These are shown in Fig- 
ure  12 and 13.    These components were assembled to proposed rocket motor 
hardware (as shown in Figure  14) and tested.    The initiation system functioned 
properly.    The black powder was initiated and there was no perforation of the 
metal barrier.    Damage to the parts did not appear to be severe, and it 
seemed likely that the seal provided by the O-ring was not broken. 

After this study,  a number of successful firings of complete rocket motors 
were made -- using the initiation system developed. 
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APPENDICES 



APPENDIX   A 

TABLES 



TABLE 1 

DAMAGE TO VARIOUS METAL, PLATES FROM AN M55 STAB DETONATOR 

Type Material 

Aluminum 

Stainless Steel 

Stainless Steel 

Brass 

Thickness,  inch 

.125 

.115 

.062 

.063 

Damage 

Spalled with pinhole 
perforation 

Dent but no perforation 

Spalled but no perforation 

Spalled with pinhole 
perforation 

* M55 Stab Detonator contains a base charge of 19 mg RDX. 
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TABLE 4 

(D CYLINDERS CONTAINING EXPLOSIVES 

Cylinder No, 

1 

2 

3 

4 

5 

Explosive 
1st Charge (2) (4) 

Material Weight, mg 

M31 Mix 

Black Powder 

M31 Mix 

M31 Mix 

RD1333 
Lead Azide 

100 

50 

50 

50 

HI 

2nd Charge (3) 

Black Powder 

Black Powder 

Black Powder 

Black Powder 

None 

(1) Cylinders were 1" diameter x 1/2" high with a .131" + .001" hole through 
the center (See Figure 8). 

(2) 1st charge loaded @ 10000 psi. 

(3) 2nd charge loaded loose to fill cavity. 

(4) M31 mix - 55/45 Potassium Chlorate/Lead Thiocyanate. 
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APPENDIX B 

FIGURES 



FIRIMG PIM (See Pig. 2) 

BETOSATOR HOLDER 
(See Pig. 2) 

1155 STAB DETOHATOR 
 (See Wg. 3) 

ALDMIITOM SLEEVE (as in 
Pig« 2 except length 
was approx« »15 inch 

METAL PLATE 2 inches 
by 2 inches 

BPSIilKG 
Dwg, 81-3-56P 

Figure 1.    Test Set-Up For Plate Damage Tests 
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/afy/TP/v r/oA/ 

Ott mm 

S£criOM/t-A 

[EZE> 

i 

5 

; p-»- -  U*' o/ 
U   tits-.mo 

-^4 -»- - ' 

^ 
r-cvr err mm 

I MT mrttmtrrto 

'Si 

^1 

A / 

ois-.oo* 

ENLAKceo mw or 
MALt^lHKUeS'. 

HQLoeft xrofMTOff 

Hores- 
, -n 4tM *tit»HS M'O o**r r 

Ai i owAit. t e/u y OMti rc*H*L 
sytff/tefS, 

t-3rtc Mii-e-*ss0em£**L jrtc*rx*r/ms 
ro* /fMmi/M/rm)etcerr smiv.L **MS 
SMmUHlTtOM, APfLltS. 

c-rc* 3TP oimcmioniua mio TOLCR/IMCIUG 
XI iTOJOI-f. 

t-n*rmi3nis setme-sw - /fit MOM«. 
f.fMim pirnmat SALVASID FC* MUS£ ai »CSMMOINS m pomr 

»rnit neu risT, pfimoco suaFAce fm»im,Mtt0»acUL*mrr, 
MO autNSioN$ (fxctpr j.£neno. AS ppttcfiieto, »*f MIMTMMLO. 
mtRM.L LOteTH mr at /♦ mmi MIN/MI** 

r.ALTlRNATIVt A**T£R/ALSj r*UI»,fS //*$. 

woa — A      . 

t3*-00i — 
' I 

SLUXL. 
KumMJlLLOr 

/too. com T 

Figure 2.    Detonator Holder and Firing Pin 
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DISC .CLOSING, 
8796333, 
ALUM. FOIL 

CUP, DETONATOR 

CHARGE, LOWER, APPROX 
l3rr>Q RDX. PRESSED AT 
l5,cfoopsi 

CHARGE. INTERMEDIATE, 
7S+92IS, RDI333,51 ma, LEAD 
AZIDE PRESSED AT 10,000/*i 

CHARGE, UPPER, PRIMER. 
MIX NOL 03O - 7S*a&S+. 
ISmg PRESS ATAPPROX 
jO.OOOf*! 

Figure 3.    Detonator, Stab, M55 
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«                   PIRIKG PIN  (See Fiß.  2)           i 

ÜETAL PLATE .                      IT l 
X—                 DTITOKATOP '[OTJm 
\                                         (See Fig.   8)           \ 

|    \     ^^    DOIJOR  GOMPOiCSIIT 

b^L\          ALOIÜCKÜU 3LliL:VE  (as  in            i 
73+-—         Fig.  2 except when M55      i 

                       i                                              .          .      ■                   ---.-" .               i 

PRESSURE  SEirSITIV^:  TAPE 1 

ACCEPTOR  CGUPOHENT         -^ 
/{ 

IM -i i                        its  approx.   .xo  inen.            | 

1     1          BüSHUTG                            \ 
1        U               81-3-56F 

Figure 4.    Set-Up For Testing Component Initiation Through A Barrier 
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Is. 

♦♦♦♦!♦♦<♦! 
r JL£ 

POLy£STER   RESIN 
COATING 

CUP, LEAD, xp-iuass 

•RDX> aS+ MILLIGRAMS 
PRS5SED AT 10,000 psi 

Figure 5.    Loaded Lead Assembly 
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i 

i 
NOTE I 

NOTE a 

♦♦♦♦♦♦♦< 

-*-| .I48-.004-W- 

SS-90MG DEXTRINATED 
LEAD WDE PRESSED 
AT 10,000 PS/ 

60 MG RDX PRESSED 
AT 10,000 PS I 

NOTEIS'- 
I-STAINLESS STEEL FOIL^OOO? THICK. 
a-DETONATOR CUP, TYPE SOS, STAINLESS 

STEELj .OOS NOM. STOCK. 
S- LENGTH OF CUP BEFORE LOADING <3IS~.005 INCH. 

Figure 6.    Flash Detonator 
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!♦♦♦♦♦♦«! 
!♦♦♦♦♦♦♦! 

CUP-GILDING METAL 

NOL */30. JSng 
PRESSED AT /S.OOOfxi 

DEXTKIN/iTED LETAD A2IDE 
//O/nj i PRESSED AT /SOOOfis'i 

RDX, ^+ n>qt PRESSED 

Figure 7.    M47 Detonator 
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^ ^ 
— .131+.001 

^ 

1 m 
-/. o ^ 

MATERIAL; -^TEEL 

Figure 8.    Cylinder 
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DQHOR COMPOKEUT 
STEEL BARRIER 
PIRST  CHARGE 

_    SECOUH CHARGE 

CYLINDER 

JSEAD DISC 

BPSHIHG 
81-3-56F 

Figure 9.    Set-Up For Testing Explosive Initiation Through A Barrier 
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CUP.BXP-96S/8 

HEADER. FIGURE 15 

DIMENSION VARIED 
WITH QUANTITY OF CHANGE 

RDI333   LEAD ASIDE 
PRESSED AT 10,000 w. 

SEE TABLE 6 FO/TWTS. 

DIA 

Figure 10.    Donor Component 
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ELECTRIC DONOR COMPONENT 

ALUMINUM 
CYLINDER, HOLE 
DRILLED TO ACCOMMODATE 
DONOR COMPONENT 

^STECL BARRIER 

ALUMINUM! CYLINDER, 
HOLE DRILLED TO 
ACCOMMIODATE 
ACCEPTOR COMIPONENT 

ACCEPTOR COMPONENT 

Figure 11.    Test Set-Up For Evaluation Of Electric Donor Component 
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CUP, B/P-5<oSia 

HEADER, FIGURE /5 

RDI333, LEADAZIDE 
SOmgs @ 10,000 ^sr 
APPLIED BV PRESSING 
IN PLUG' 

PETN, CLASS 4-- 
78 ntjs Q 10,000pu' 

y~.l4-7~.006 
DIA 

Figure 12.    Donor Component 
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-ALUMINUM CUP, 
M5S öTAß DETONATOR 

J47-.004J)/A-7—^' 

— JJO-OfO D/A- 

-S(*0o CRIMP 

.ooa-.oof 

.OOSQt.OOOS- 

]—,0/0-.002 

PETNt CLASS 4, S2 mqt 
PRESSED AT fSOOOfisi 

Figure 13.   Acceptor Component 
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-XUSC.STEEL, TYPS 4340  r- BOD Y 

-J0a-.OO4- 

-DONOR COMPONENT 
FIG. 12 

-ADAPTER NUT 

O'RING 

ADAPTER 

BLACK POWDER 

-ACCEPTOR COMPONENT, FIG. 13 

Figure 14.    Rocket Motor Test Assembly 
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-*i \m~'04Ot.006' 

[^\ 

q^ 

N A 

ho 

H 

* 

J 

V' 

s 
N 

h-.//£ t.OOS^ 

.014DM,B LEADS 

r.0/7 t.OOS 
\    t 
T 

I 
T 
N/CHROME Bt?/DG£ 
W/R£ SOLDERED ONTO 
LEADS.  RES/STANCE 

TO BE BETWEEN C. * ANJ? 
o. 7 OHM - 

Figure 15.    Header And Bridge Assembly 
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A feasibility study was conducted of the practi- 
cality of initiating a rocket motor through a 
barrier using high explosives without perforating 
the barrier.    Results indicated that a variety of 
explosives and barriers could be used in such a 
system. 

A system was designated in which the design 
parameters consisted   of PETN, which is initiated 
by shock through a 0. 1-inch steel barrier. 

It was concluded that using high explosives to 
initiate a propellant train through a barrier with- 
out perforating the barrier is practical and a 
failure mode analysis of this system should be 
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